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ABSTRACT 
Ultrathin hematite (-Fe2O3) film deposited on TiO2 underlayer as photoanode for 
photoelectrochemical water splitting was described. The TiO2 underlayer was coated on conductive 
fluorine-doped tin oxide (FTO) glass by spin coating. The hematite films were formed layer-by-layer 
through repeating the separated two-phase hydrolysis-solvothermal (HST) reaction of iron(III) 
acetylacetonate and aqueous ammonia. A photocurrent density of 0.683 mA cm-2 at +1.5 V vs. RHE 
(reversible hydrogen electrode) was obtained under visible light (> 420nm, 100 mW cm-2) 
illumination. The TiO2 underlayer plays an important role in the formation of hematite film, acting as 
an intermediary to alleviate dead layer effect and as a support of large surface areas to coat more 
Fe2O3. This study provides a facile synthesis process for highly active ultrathin hematite film and a 
simple route for photocurrent enhancement by keeping photoanodes in tandem. 
Keywords: TiO2 underlayer; Hematite film; Photoelectrochemical water splitting; Visible light 
 
1. Introduction 
Developing new energy systems is becoming urgent with the increasing concerns on global population 
and standard of living. Hydrogen (H2) energy has attracted much attention due to its pollution-free and 
economical advantages [1]. Semiconductor-based photocatalysis of water by using sunlight has been 
considered as one of the promising processes to produce clean hydrogen [2-6]. Among the transition 
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metal oxide semiconductors, hematite (-Fe2O3) is an attractive material for use as a photoanode 
based on its visible light absorption up to 590 nm and appropriate stability [7-9]. However, some 
factors have to be considered in the fabrication of hematite photoanode, such as low electrical 
conductivity of the material and extremely short diffusion distance (less than 5 nm) of holes [10-12]. 
Poor electrical conductivity will limit the charge transport, and short diffusion distance of holes will 
hinder the efficient transport of holes to the liquid interface for interfacial charge-transfer reaction, 
both of which result in serious electron–hole recombination [13,14]. Elemental doping, such as Ti 
[15,16], Si [17,18], and Sn [19-21], can significantly enhance hematite’s conductivity by increasing 
its dopping density. For example, the silicon-doped hematite photoanodes fabricated by 
atmospheric-pressure chemical vapour deposition (APCVD) afforded a photocurrent density of 2.2 
mA cm-2 at 1.23 V vs. RHE (reversible hydrogen electrode) [22]. The substitution of Fe3+ by Si4+ in 
the hematite lattice by doping silicon improved its electric conductivity and enhanced the separation 
of the photogenerated charges. As for the short diffusion distance of holes, hematite films have to be 
restricted to the thickness of 50 nm. Considerable efforts have been focused on the improvement 
through miniaturization of hematite particles [23-25], and synthesis of ultrathin films [26-28].  
  Ultrathin hematite films have been synthesized by spray pyrolysis [29,30], atomic layer deposition 
[31], and APCVD [21,27]. It is expected that for those ultrathin films (<50 nm) there may be existing 
electronic and/or structural interaction between Fe2O3 and SnO2 (FTO) substrate critically affecting 
the photoelectrochemical (PEC) efficiency [8]. The photoconversion efficiency can be enhanced by 
the modified underlayers. The formed SiOx [29] and Ga2O3 [30] underlayers deposited on FTO 
resulted in a high photocurrent by improving the crystallinity and uniformity of ultrathin hematite 
films. The Nb2O5 and TiO2 modified underlayers can also boost the photoconversion efficiency of 
ultrathin hematite films [32]. A Nb2O5 (2.0 nm in thickness) or TiO2 underlayer (1.0 nm in thickness) 
through atomic layer deposition provided photocurrents of 0.58 and 0.47 mA cm−2 at + 1.43 V vs. 
RHE, respectively, for ultrathin hematite films of 16–19 nm in thickness. The enhancement of 
photocurrents is ascribed to the suppression of electron back recombination at the hematite/substrate 
interface by the modified underlayers. Great progresses have been achieved by the ultrathin hematite 
films [8,33], particularly by Ti-doped hematite thin films [34], however, the light harvesting ability, 
the collection efficiency of photogenerated holes, and the stability of photoanode, significantly hinder 
the practical use  of hematite towards efficient, durable and inexpensive solar hydrogen production. 
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  Tang et al. described a separated two-phase interface hydrolysis method for preparation of 
high-quality semiconductor nanocrystals, such as TiO2 and ZrO2 nanocrystals [35]. Because of the 
hydrolysis reaction occurring at the interface area, the method is verysuitable to prepare the 
monodispersed, highly crystallized, ultrafine (typically 10 nm) nanocrystals. Recently, -Fe2O3 
nanoparticles with an average size of 15 nm were synthesized via separated two-phase 
hydrolysis-solvothermal (HST) reaction and afforded high photocatalytic activity for degrading 
phenol and acetaldehyde due to its small nanoparticle size and high surface area [36]. We have 
synthesized a size of 6-8nm -Fe2O3 nanocrystals by HST reaction of iron(III) acetylacetonate and 
aqueous ammonia. The ultrafine nanocrystalline Fe2O3 may be efficient transport of the 
photogenerated minority carriers to the liquid interface. When hematite film was prepared from 
-Fe2O3 paste, which consisted of 15 wt% the ultrafine -Fe2O3 nanoparticles, 8 wt% ethyl cellulose, 
60 wt% terpineol and 17 wt% ethanol, however, an extremely low photocurrent of 23 A cm-2 was 
observed at an applied potential of +1.5 V vs. RHE. The poor PEC performance might be due to the 
poor adhesion of nanocrystalline -Fe2O3 to FTO. It is interesting to find that through HST reaction a 
stable and ultrathin hematite film can be formed on TiO2-modified FTO substrate and shows much 
higher photocurrent densities for more efficient water splitting under visible illumination. A TiO2 
underlayer was firstly deposited on FTO by spin coating. Hematite film was then coated on the TiO2 
underlayer through separated two-phase HST reaction. The HST process was repeated several times 
for loading α-Fe2O3 film layer-by-layer (Fig. 1). Effect of TiO2 underlayer and HST repeated cycles 
on the photoelectrochemical properties was studied. The TiO2 underlayer plays an important role in 
preparation of hematite films, and remarkably improves the photocurrent in photoelectrochemical 
water splitting. Herein, we hope to describe the separated two-phase HST reaction for synthesis of 
ultrathin hematite films and results on photoelectrochemical performance. 
 
Fig. 1 Schematic illustration for synthesis of ultrathin hematite films on TiO2-modified FTO through 
separated two-phase hydrolysis-solvothermal (HST) reaction of Fe(acac)3 and aqueous ammonia. 
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2. Experimental section 
2.1. Materials 
Titanium tetrabutoxide (Ti(OBu)4), iron(III) acetylacetonate (Fe(acac)3), n-butanol, and aqueous 
ammonia (30%) are commercially available analytical grade without any purification. Deionized 
water was used in all experiments. 
 
Synthesis of TiO2 underlayer 
TiO2 nanoparticles (particle size, 15-20 nm) were prepared according to the literature method [37]. 
The TiO2 paste consisting of 15 wt% TiO2 nanoparticles, 7.5 wt% ethyl cellulose, 60.8 wt% terpineol 
and 16.7 wt% ethanol was firstly prepared. A small volume of the TiO2 paste was diluted down to a 
certain concentration with ethanol. This was subjected to half-an-hour sonication in an ultrasonic bath. 
Then, this suspension was applied to a FTO (Nippon Sheet Glass, Hyogo, Japan, fluorine–doped SnO2 
over layer, sheet resistance of 10 Ω/sq) glass by spin coating at 1,500 rpm for 30 s. After drying at 
120 for 20 min, the film was calcined at 500 °C for 30 min. The TiO2 underlayer was formed after 
cooling to room temperature. 
 
Synthesis of ultrathin hematite films on TiO2 underlayer 
The prepared TiO2 underlayer film on FTO glass was immersed into an organic solution in 20 mL 
beaker vessel, which contains 0.12 mmol Fe(acac)3 dissolved in 4 mL n-butanol. To a 100 mL 
Teflon-lined autoclave were added 4 mL deionized water and 0.2 mL aqueous ammonia (30%) to 
form water solution. Then the 20 mL beaker vessel containing Fe(acac)3, n-butanol and the TiO2 
modified FTO glass was carefully placed into the 100 mL Teflon-lined autoclave, keeping the water 
solution separate from the organic solution through the beaker vessel. The autoclave was allowed to 
be heated in an oven to 140 °C for 6 h under autogenous pressure and then was air cooled to room 
temperature. After washing with deionized water and absolute ethanol in turn, then drying at 80 °C in 
air, an ultrathin hematite film on TiO2 underlayer was produced by sintering at 450°C for 0.5 h. The 
whole process is called one deposition cycle of hematite film. Two, three cycles, etc. of hematite films 
are made in turn by repeating the above process (Fig.1). Photoanode is an exposed Fe2O3 surface area 
of 1.0 × 1.0 cm2 on a FTO glass.  
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2.2. Characterization of the samples  
The crystal structure of the samples were characterized by X-ray powder diffraction (XRD) with a 
Rigaku D/MAX-rA powder diffractometer (Japan), using Cu Kα radiation (λ = 0.154 18 nm), and an 
accelerating voltage of 30 kV and emission current of 20 mA were employed. Transmission electron 
microscopy (TEM) observation was carried out on a JEOL JEM-2010EX instrument operated at 200 
kV accelerating voltage. Scanning electron microscopy (SEM, JEOL/JSM7500) was carried out to 
characterize the surface morphology and thickness of the films. Absorption spectra of α-Fe2O3 films 
were obtained by using a UV-visible spectrophotometer (Shimadzu, UV-2600) and BaSO4 was used 
as a reference. 
 
2.3 Photoelectrochemical measurements 
The photoelectrochemical experiments was studied in a glass cell using a 300 W xenon lamp with a 
cutoff filter (λ > 420 nm). The light power density of 100 mW cm-2 at the position of sample was 
measured with a power meter (Newport, 842 PE). The electrochemical properties of the hematite 
samples were investigated with cyclic voltammetry (CV) by using a software controlled 
three-electrode electrochemical cell (potentiostat AutoLab-30). The as-prepared sample was used as 
the working electrode, platinum wire (99.9%) as the counter electrode, and an Ag/AgCl (saturated 
KCl) electrode as the reference electrode in a 1 M NaOH electrolytic solution, at room temperature. 
All potentials were converted to the reversible hydrogen electrode (RHE) scale by the equation VRHE= 
VAg/AgCl + 0.1976 V + pH (0.059 V). 
 
3. Results and discussion 
3.1. Characterization of -Fe2O3 thin films on TiO2 underlayer 
Fig. 2a shows the top-down SEM image of the FTO surface. Numerous sharp and well-defined blocky 
crystal grains of SnO2 were observed in the image [29,38]. After the deposition of TiO2 on the control 
FTO substrate by spray coating with 1.0 mg/mL of TiO2 nanoparticles in ethanol solution, namely 
(1.0-TiO2)/FTO, the large SnO2 microcrystals were still visible in the image (Fig. 2b), but their grain 
edges were no longer sharp and the roughness of the surface decrease dramatically. Fig. 2c shows the 
surface morphology of Fe2O3 thin film with deposition 3 cycles through HST reaction on 
TiO2-modified FTO substrate, namely (Fe2O3)-3 /(1.0-TiO2)/FTO. The film was compact and flat with 
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ca. 5–8nm Fe2O3 particles. Cross section TEM micrograph of sample (1.0-TiO2)/FTO in Fig. 2d 
showed a 16nm thick TiO2 film coating on the FTO substrate. The sample (Fe2O3)3/(1.0-TiO2)/FTO in 
Fig. 2e was about 44nm thick hematite film involved in the TiO2 film. While the intensity of X-ray 
diffraction (XRD) signal is difficult to observe with the small amounts of material present on the 
ultrathin hematite film. To characterize the phase of Fe2O3, we synthesize a 2m thick TiO2 film 
using a screen printing technique. After deposition of Fe2O3 through the same HST process, 
nanopartices can be scraped out of the hematite film. The XRD spectra and TEM micrograph are 
shown in Fig. 3a-b. It is found in Fig. 3a that all diffraction peaks of sample Fe2O3/TiO2 clearly 
observed in the pattern could be assigned to (104), (110), (113), (024), (018) and (300) planes of 
-Fe2O3, respectively. No other phases of Fe2O3 were observed in the pattern. The Fe2O3 and TiO2 
nanopartice sizes in Fig. 3b are about 5–8nm, and 15-20nm, respectively, which is further shown in 
Fig. 3c.  
 
 
Fig.2 SEM surface images of (a) bare FTO, (b) FTO coated with 1.0 mg/mL of TiO2 in ethanol 
solution ((1.0-TiO2)/FTO), (c) Hematite film deposited 3 cycles of HST process on TiO2-modified 
FTO ((Fe2O3)3/(1.0-TiO2)/FTO); (d) Cross section SEM micrograph of (1.0-TiO2)/FTO); (e) Cross 
section TEM micrograph of (Fe2O3)3/(1.0-TiO2)/FTO . 
 
 
 
Fig. 3 (a) X-ray diffraction pattern of TiO2 and Fe2O3/TiO2. (b) TEM micrograph of Fe2O3/TiO2; (c) 
TEM micrograph of nanopartices TiO2 and -Fe2O3 (inserted). 
  
3.2. Effect of TiO2 underlayers on the PEC properties of -Fe2O3 thin films 
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The amount of TiO2 in sprayed solution has an obvious influence on the PEC properties of hematite 
films. In UV-vis absorption spectra (Fig.4a), light absorption is enhanced with increasing amount of 
TiO2 in sprayed solution, which may be due to the absorption more amount of Fe2O3 through the 
enlarged surface of TiO2 nanoparticles. The enhanced light absorption maybe result in high 
photocurrent. It was found that light absorption in range of visible region (>420 nm) had no 
significant change when TiO2 in sprayed solution is over 1.0 mg/mL. Current-voltage (J-V) curves of 
hematite films deposited on bare and TiO2-modified FTO substrates are shown in Fig. 4b. The J-V 
characteristics were recorded in the darkness and visible light illumination (>420 nm) using a 300 W 
Xenon lamp having illumination intensity of 100 mW/cm2 at the position of all samples. The hematite 
film on bare FTO displayed a very weak anodic photocurrent of about 49 A cm-2 at an applied 
potential of +1.5 V vs. RHE. At the same testing conditions, hematite films deposited on 
TiO2-modified FTO afforded significantly enhanced photocurrents. The photocurrents of the samples 
were observed to gradually increase with the increasing amount of TiO2 in spin coating solution. A 
photocurrent of 0.543 mA cm-2 at +1.5 V vs. RHE was obtained at 1.0 mg/mL of TiO2 in solution. 
With further increasing the amount of TiO2, the photocurrents decreased gradually. For instance, when 
TiO2 in solution was at 5.0 and 10 mg/mL, the photocurrent decreased to 0.35 and 0.29 mA cm-2 at 
+1.5 V vs. RHE, respectively. 
 
 
Fig. 4 (a) UV-vis absorption spectra of hematite films deposited 3 cycles on bare FTO and 
TiO2-modified FTO with 0.1, 0.5, 1.0, 5.0, and 10.0 mg/mL of TiO2 in sprayed solution; (b) J-V 
characteristics curves of hematite films were recorded in 1 M NaOH in the dark (dashed lines) and 
under visible light (>420nm, solid lines). 
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Fig. 5 Schematic illustration for -Fe2O3 deposited on bare FTO (a), and on various amounts of 
TiO2-modified FTO (b-d). 
 
The photocurrent improvement in TiO2-modified FTO is ascribed to the presence of TiO2 underlayer. 
There are some previous reports described a “dead layer” formed at the hematite–FTO interface, 
which results in a high bulk charge recombination for very thin hematite films [30, 32,34]. The dead 
layer is believed to result from an imperfect crystal layer at the hematite–FTO interface, probably due 
to the lattice mismatch of hematite and tin oxide [39]. The dead layer effect can be eliminated by 
underlayers between the hematite phase and the FTO substrate[30]. The principal function of the 
underlayer was considered as blocking layer to significantly suppress the electron back injection from 
FTO to hematite, and consequently resulted in high separation efficiency of charge carriers in 
hematite films [32,40]. In this case, we attributed the main impact of TiO2 underlayer to alleviating the 
dead layer effect.  
A very weak photocurrent was observed in hematite film deposited on bare FTO, which may be 
ascribed to the intermediate defect levels close to the conduction band of -Fe2O3 on bare FTO 
induced by the strong stress between the hematite and FTO, and resulting in a high recombination rate 
and relatively poor photocurrent of hematite film. When a small amount of TiO2 in spayed solution 
(e.g. 0.1 mg/mL) was used, TiO2 nanoparticles were dispersed on surface of FTO. During the 
synthesis of hematite film, some -Fe2O3 nanoparticles (6-8nm) were coated on TiO2, and others were 
still coated on bare FTO surface (Fig. 5b). The -Fe2O3 coated on TiO2 had no stress between the 
hematite and FTO, and avoided defection of the -Fe2O3 conduction band, which diminished charge 
recombination, and giving higher photocurrents than that on bare FTO. The photocurrent density 
increased with the increasing amount of TiO2 as a consequence of stronger light absorption, which 
was shown in Fig. 4a. When the amount of TiO2 increased to 1.0 mg/mL in solution, a close coating 
of TiO2 nanoparticles was formed to produce uniform monolayer film on FTO (Fig. 5c). After 
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-Fe2O3 was coated on the TiO2 film, a higher photocurrent was achieved at the typical testing 
conditions. Further increasing the amount of TiO2 will form a thicker TiO2 film (Fig. 5d). Since the 
conduction band of -Fe2O3 is below that of TiO2, electrons excited to the conduction band of 
-Fe2O3 by visible light are not able to transfer to the TiO2 conduction band. The photoexcited 
electrons in -Fe2O3 have to tunnel through the TiO2 underlayer to get to the FTO. Thicker TiO2 
underlay will aggravate the difficulty of photoexcited electrons penetrating into FTO, and result in 
photocurrents decreased. Therefore, thin underlay is beneficial to allow the forward electron transfer 
from -Fe2O3 to FTO, and giving an improvement of photocurrents.ref.33,34 While thick underlay 
with high surface prefers to load more -Fe2O3 for light absorption. These results indicate that TiO2 
underlayer is acting as intermediator to adhere -Fe2O3 and FTO with alleviation of the dead layer 
effect and as supporter with large surface for coating more -Fe2O3 to enhance light absorption. 
Further elucidation of the detailed cause of the dead layer needs serious investigation. 
 
3.3 Effect of hematite film thickness on photocurrent 
Next, effect of the hematite film thickness was investigated with the fixed thickness of TiO2 
underlayer deposited at 1.0 mg/mL TiO2 in sprayed solution (1.0-TiO2). The optical thickness of the 
hematite films prepared by repeating deposition 1 to 5 cycles is estimated using the absorptance at 
400 nm (2.3×105 cm-1 ) [41] to be 7, 19, 30, 39, and 47 nm, respectively. Fig. 6a shows the 
current–voltage curves of the hematite films with variation of thickness through deposition 1 to 5 
cycles. It was found that photocurrents of hematite films were improved with the increasing cycle 
numbers. A photocurrent of 0.683 mA cm-2 was obtained at +1.5 V vs. RHE when hematite film was 
deposited for 4 cycles with about 39nm thickness. It is evident in Fig. 6b that light absorption of the 
hematite film is enhanced with the increasing cycle numbers. Deposition more cycles made thicker 
hematite films, which absorbed more photo energy and resulted in enhancement of photocurrent. 
However, the photocurrent decreased after deposition 5 cycles. With more thicker film, electron 
transfer generated on the hematite surface will be less efficient due to the longer migration distance, 
which leads to serious electron recombination. Therefore, the most straightforward way to increase 
the photocurrent is to increase the light absorption while maintaining a short charge carrier collection 
length [42]. 
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Fig. 6 (a) J-V characteristics curves of hematite films with deposition 1 to 5 cycles on TiO2 at 1.0 
mg/mL recorded in 1 M NaOH in the dark (dashed lines) and under visible light (>420nm, solid lines); 
(b) UV-vis absorption spectra of hematite films with deposition 1 to 5 cycles.  
 
With these results in hand, the optimum photoanode in our case is based on the hematite film with 
deposition 4 cycles on 1.0-TiO2 underlayer, namely (Fe2O3)4/(1.0-TiO2)/FTO. The incident photon to 
current efficiency (IPCE) of the as-prepared photoanode at different wavelengths was calculated using 
the photocurrent density, and shown in Fig. 7. At 400 nm, the IPCE was 10.9 and 19.8% in 1.0 M 
NaOH aqueous solution at 1.23 and 1.5 V vs. RHE, respectively, which is comparable high for 
untrathin hematite film. The IPCE drops substantially at wavelengths longer than 590 nm, as expected 
from the measurements of the hematite band gap. 
 
Fig. 7 IPCE spectra of photoanode (Fe2O3)4/(1.0-TiO2)/FTO. The spectra were recorded in 1 M NaOH 
at 1.23 and 1.5 V versus RHE. 
 
3.3 Photocurrent enhancement by keeping photoanodes in tandem   
The above results indicate that the thickness of hematite film should be controlled to prevent the 
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recombination of electron-hole pairs but needs to be thick enough to effectively absorb photon energy. 
The as-prepared hematite film is ultrathin of about 39nm thickness, which limits light absorption 
efficiency. Light passed through the ultrathin film may be used to drive additional photocurrent. We 
setup two as-prepared photoanodes in tandem with back to back (Fig. 8a) and investigate their 
respective photocurrents (Fig. 8b). The first photoanode, which is faced at light direction, produced 
the same photocurrent as obtained in Fig. 6a. It was found that the second photoanode showed a 
photocurrent of 0.34 mA cm-2 at +1.5 V vs. RHE. The decreased photocurrent was attributed to the 
light intensity, which is weakened by the first photoanode. The J-V characteristics curve of the 
combined two photoanodes in tandem was also shown in Fig. 8b. A improved photocurrent of 1.08 
mA cm-2 was achieved at +1.5 V vs. RHE by the combined two photoanodes in tandem. Then the 
third and fourth photoanodes were kept in the same manner and setup in the following of the second 
photoanode. Photocurrents of photoanodes 3 and 4 decreased dramatically with 0.24 and 0.19 mA 
cm-2, respectively, which are consistent with the corresponding light intensity decreased. A total 
photocurrent of up to 1.53 mA cm-2 was obtained at +1.5 V vs. RHE under visible light (100 mW cm-2) 
illumination when the four photoanodes were kept in tandem. These results demonstrate that light 
conversion efficiency can be improved by the several ultrathin hematite films through combination in 
tandem, and leading to significant enhancement of photocurrent density. In addition, photocurrents of 
the combined four photoanodes were also measured under intermittent light illumination. Fig. 8c 
shows the photocurrent densities vs. time curves obtained under visible light irradiation of 100, 200, 
and 240 mW cm-2, respectively. The photocurrent goes down to zero as soon as the illumination of 
light is turned off, and the photocurrent comes back to the original value as soon as light is turned on 
again. It indicates that the current is completely produced by the photoactivity of the hematite films 
and that the charge-transfer is very fast. As indicated in Fig. 8c, when light intensity is enhanced to 
200 and 240 mW cm2, the photocurrent densities were further increased to 2.93 and 3.65 mA cm-2, 
respectively. The observed increase in photocurrent is attributed to the absorption of more photons 
under illumination of strong light intensity.  
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Fig. 8 (a) Schematic illustration for four as-prepared photoanodes kept in tandem; (b) The 
corresponding J-V characteristics curves of the four photoanodes, and the combined photoanodes 1+2, 
and 1+2+3+4; (c) Photocurrent density vs. time of the combined photoanodes 1+2+3+4 at 1.5 V vs. 
RHE under visible light irradiation of 100, 200, and 240 mW cm2, respectively.  
 
3.4 Photocatalytic H2 production 
Water splitting experiments were carried out in a single photoreactor with a volume of 500 mL. 
Oxygen from the reactor was completely removed by purging the reactor with pure N2 gas for 0.5 h. 
The photoanode was illuminated with visible light (100 mW cm-2) and held at 1.5 V versus RHE 
using a potentiostat. The evolution of H2 and O2 originated by the water-splitting process was 
measured on-line by using a gas chromatographer (GC, Fuguang) equipped with a 5 Å molecular 
sieve column and a thermal conductivity detector. Under illumination, gas bubbles were evolved from 
the surface of both electrodes. The H2 and O2 evolution as function of irradiation time are shown in 
Fig. 9. The amounts of the photocatalytically produced H2 and O2 increases linearly with the exposure 
time. A nearly stoichiometric 2:1 hydrogen-to-oxygen ratio measured by gas chromatography is 
expected for water splitting. The photocurrent of the hematite photoanodes remained at approximately 
0.68 mA cm-2 over 3 h without degradation. Moreover, comparison of the quantities of gases 
produced and the amount of charge that passed through the circuit shows that the electrode exhibits a 
90% charge-to-chemical Faradic efficiency. These results show that the hematite films are very stable 
and efficient for splitting water under visible light.  
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Fig. 9 Hydrogen and oxygen evolution as a function of time for a photoanode (Fe2O3)-4/ 
(1.0-TiO2)/FTO illuminated with visible light (>420nm, 100 mW cm-2) at 1.5 V vs. RHE in a 1.0 M 
NaOH electrolyte. 
 
4. Conclusion 
We have synthesized ultrathin hematite films deposited on TiO2-modified FTO glass through 
separated two-phase hydrolysis-solvothermal (HST) reaction. The TiO2 underlayer was deposited on 
FTO glass by spin coating with proper amount of TiO2 in ethanol solution. This facile method 
produces ultrathin hematite films with dramatically enhanced PEC performance. The enhancement by 
TiO2 underlayer can be attributed to the alleviation of the dead layer effect and the large surface for 
coating more -Fe2O3 to enhance light absorption. The optimized photoanode afforded a photocurrent 
of 0.683 mA cm-2 and IPCE of 19.8% at +1.5 V vs. RHE. The photocurrent can be further enhanced 
by keeping photoanodes in tandem for sufficient light harvesting. The as-prepared photoanodes are 
very stable and efficient for splitting water under visible light.  
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